examination (Young and Perkins 1984) . Once identified to species, they were transferred to individual vials containing 95% ETOH for further genetic analysis. DNA from each fly was extracted using the Qiagen DNeasy Blood and Tissue Kit according to the manufacturer's protocol. For restriction fragment length analysis of the two species, a segment of the COI gene was amplified using primers (LCO1490 and HC02198) and PCR specifications from Folmer et al. (1994) . Amplified fragments were then sequenced (ABI 3730XL), assessed for sequence quality in Seqman (DNAstar) using default parameters, and consensus sequences aligned to detect conserved single nucleotide polymorphisms (SNPs) for each species. Restriction enzymes that preferentially cut one sand fly COI sequence but not the other were then identified using SeqBuilder (DNAstar). Two restriction enzymes, AccI and Sau961, were identified, which uniquely cut the amplified COI fragment from L. stewarti and L. vexator, respectively. Amplified fragments of the COI gene from L. stewarti (Genbank KJ174692) and L. vexator (Genbank KJ174693) sand flies were tested to determine the accuracy of the restriction assay. For restriction digests 10 μl of PCR product was digested with 5 units of restriction enzyme (AccI or Sau961 (NEB)) according to manufacturer's guidelines. Samples were digested for 1 hour at 37° C. Digested PCR products were resolved on a 1% agarose gel and banding sizes compared. Wolbachia was detected by PCR amplification of the wsp gene using the primers 81F and 691R (Zhou et al. 1998 ) using Phusion taq polymerase (NEB). To type identify Wolbachia strain, multilocus sequencing typing (MLST) was performed (Baldo et al. 2006) . PCR products were resolved by agarose gel electrophoresis, purified and sequenced (Model ABI 3730XL). Concatenated MLST sequences, retrieved from the Wolbachia MLST database (http://pubmlst.org/wolbachia) were aligned and maximumlikelihood phylogenic trees were constructed in MEGA5 (Tamura et al. 2011) . Tree support was evaluated by bootstrapping with 1,000 replications.
Forty-one L. stewarti flies were tested using the PCR-RFLP protocol with restriction enzyme AccI. All forty-one specimens were cut into two fragments (381 and 277bp) by this enzyme, while none of the 41 L. vexator samples were digested (Figure 1) . Similarly, the restriction enzyme Sau961 did not digest any of the COI fragments amplified from L. stewarti. Of the 41 L. vexator flies assessed, Sau961 cut 38, with the uncut PCR product in three samples due to a SNP (GGNCC to AGNCC) in the restriction enzyme site in the COI sequence. In a similar study, Minter et al. (2013) used Sau961 to distinguish between L. vexator and L. shannoni and deemed it a successful marker. However, in contrast to our study, no restriction site polymorphisms were found within the COI region in their L. vexator samples (Minter et al. 2013) . The endosymbiotic bacterium, Wolbachia, was detected at an infection frequency of 93% in L. stewarti sand flies (38 out of 41 individuals infected, (Genbank KJ174694 to KJ174699)). Multilocus sequence typing (MLST) analysis (Baldo et al. 2006 ) placed the Wolbachia strain from L. stewarti (designated wSte) in supergroup A forming a monophyletic group with Wolbachia from Formica oculata and Ceutorhynchus obstrictus (Figure 2) . None of the L. vexator individuals from California (N = 56) were positive for Wolbachia infection when assayed by PCR.
We developed several molecular assays to distinguish L. vexator and L. stewarti. While these techniques have not been tested on all Lutzomyia species that are found throughout North America, we developed this assay to distinguish between two important vectors of saurian malaria parasites in northern California. A PCR-RFLP protocol using AccI was able to distinguish between the two species in all trials. For further species verification, the second PCR-RFLP protocol using Sau961 digested 93% of L. vexator sequences, but importantly, not L. stewarti. Therefore, when using this assay, if neither enzyme cuts the PCR fragment, it is likely the species is L. vexator, which may possesses the SNP at the Sau961 site. Lastly, L. stewarti collected from Hopland, CA, have a 93% infection rate with Wolbachia, while no Wolbachia infections were detected in L. vexator samples (N = 56). If the Wolbachia infection status is negative, and neither of the enzymes cuts the COI PCR product, the sample can be presumed to be L. vexator. To confirm this, the PCR product can always be sequenced to verify the species identification. By combining these techniques we have developed a simple molecular diagnostic tool to differentiate these two important vectors of P. mexicanum.
Including this study, 30 different Lutzomyia spp. have been examined for Wolbachia endosymbionts to date, but the presence of this bacterium is not ubiquitous, with only six Lutzomyia spp. documented as being hosts (Ono et al. 2001 , Azpurua et al. 2010 , Sant' Anna et al. 2012 . Aside from L. shannoni, no other North American Lutzomya species has been examined for the presence of Wolbachia (Ono et al. 2001) . The high infection rate of L. stewarti with Wolbachia, and any effects this endosymbiont may have on the biology of L. stewarti, warrants further investigation.
Wolbachia has been shown to both inhibit (Kambris et al. 2009 , Moreira et al. 2009 , Hughes et al. 2011 , Bian et al. 2013 and enhance (Hughes et al. 2012 , Baton et al. 2013 ) Plasmodium development in insects. However, most of these studies examined artificial Wolbachia infections with non-native Plasmodium strains and, as such, there is a poor understanding of the Wolbachia interaction with Plasmodium in a natural setting. Recently, a study focusing on a natural Wolbachia-host-Plasmodium combination (Culex pipiens -wPip -P. relictum) found Wolbachia infections protect the host against Plasmodium induced mortality (Zélé et al. 2012) . Such natural systems may shed light upon the long-term co-evolutionary trajectories of artificial Wolbachia infections. Our previous work has demonstrated that L. vexator flies that fed on infected lizards had significantly higher oocyst burdens than L. stewarti (Vardo-Zalik 2009) . While this may be due to innate genetic determinates of the host, it is tempting to speculate that Wolbachia infections impair pathogen development in the insect, although further vector competence studies comparing Wolbachia-negative L. stewarti are required to confirm this hypothesis. However, this may be logistically challenging given that rearing Lutzomyia species is difficult. The L. stewarti -wSte -P. mexicanum association provides an attractive model system to study the effects of Wolbachia infection on Plasmodium in a naturally infected host with a native Plasmodium species.
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